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Selection of Intracellular Immunoglobulins 



Field of thfi.Imrention 

5 The present invention relates to a method fox selecting polypeptides accorfiug to their 
intracellular activity. In particular, the invention relates to a method for selecting 
immunoglobulin molecules according to their intracellular binding activity, and to the 
provision of immunoglobulin molecules which are active m an intracellular environment. 

10 Background to the Invention 

Intracellular antibodies or intrabodies have been demonstrated to function in antigen 
recognition in the cells of higher organisms (reviewed in Cattaneo, A. & Biocca, S. (1997) 
Intracellular Antibodies; Development and Applications. Landes and Spiinger-Verlag). 

15 This interaction can influence the function of cellular proteins which have been 
successfully inhibited in the cytoplasm, the nucleus or in the secretory pathway. This 
efftcaey has been demonstrated for vital resistance in plant biotechnology (Tavladoraki, 
p., et al (1993) Nature 366: 469-472) and several applications have been reported of 
intracellular antibodies binding to HIV viral proteins (MhashiUcar> A,M-, et al (1995) 

20 SMBO J 14: 1542-51; Duan, L, & Pamerantz, IU. (1994) Nucleic Acids Res 22: 5433-8; 
Maciejewski, JJP. et al (1995) Nat Med 1: 667-73; Levy-Mint^ P., et al (1996) X Virol 
70: 8821-8832) and to oncogene products (Biocca, Pierandrei-AinSddi, P. & Cattaneo, 
A. (1993) Biochem Bfopkys Res Common 197: 422-7; Biocca, S., Pierandrei-Anialdi, p., 
Campioni, N- & Cattaneo, A. (1994) Biotechnology (N Y) 12-. 396-9; Codiet, et al 

25 (1998) Cancer Res 58: 1170-6)- The latter as an important area because enforced 
expression of oncogenes often occurs in tumour cells after chromosomal translocations 
(Babbitts, T-H. (1994) Nature 372: 143-149). These proteins are therefore important 
intracellular therapeutic targets (Babbitts, TJH. (1998) New Eng. J. Med 33S: 192-194) 
which could be inactivated by binding with intracellular antibodies. Finally, the 

30 international efforts at vvhole genome sequencing wfl produce massive numbers of 
potential gene sequences which encode proteins about which nothing is knew*. 
Functional genomics is an approach to ascertain the function of this plethora of proteins 
and the use of intracellular antibodies promises to be an important tool in this endeavour 
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as a conceptually simple approach to knocking-out protein function directly by binding an 
antibody inside the cell. 

Simple approaches to derivation Of antibodies which function in cells are therefore 
5 necessary if their use is to have any impact on the large number of protein targets. In 
normal ch"cumstances, the biosynthesis of immunoglobulin occurs into the endoplasmic 
reticulum, for secretion as antibody. However, when antibodies are expressed in the cell 
cytoplasm (where the redox conditions are unlike those found in the ER) folding and 
stability problems occur resulting in low expression levels and the limited half-life of 
10 antibody domains. These problems are most likely due to the reducing environment of 
the cell cytoplasm (Hwang, C, Sinskey, A J. & Lodish, H.F. {1992) Science 257: 1496- 
502), which hinders the formation of the intrachain disulphide bond of the VH and VL 
domains (Biocca, 8„ Ruberti, F„ Tafcni, Pierandrei-Amaldi, P. & Cananeo, A. (1995) 
Biotechnology <N Y) 13: 11 I0~5j Mardiieau, P., Jones, P. & Winter, G. (1998) J Mol Biol 
1 5 280: 1 17-127) important for the stability of the folded protein. However, some scFv have 
been shown to tolerate the absence of this bond (Proba, K., Honegger, A. & Pl^ckthim, A. 

(1997) J Mol Biol 265; 161-72; Proba, K., Wow, A-, Honegger, A, <fc Pluckthun, A. 

(1998) J Mol Biol 275: 245-53.) which presumably depends on the particular primary 
sequence of the antibody variable regions. No rules or consistent predictions however can 

20 yet be made about those antibodies which will tolerate the cell cytoplasm conditions. A 
further problem is the design of expression formats for intracellular antibodies and much 
effort has be expended on using scFv in which the VH and VL segments (l.e. the antibody 
combining site) are linked by a polypeptide linker at the C-terminus of VH and the N- 
tenninxis of V L (Bird, R.E., et al. (1988) Science 242: 423-6). While this is the most 

25 successful form for intracellular expression, it has a drawback in the lowering of affinity 
when converting from complete antibody (e.g. from a monoclonal antibody) to a scFv. 
Thus not all monoclonal antibodies can be made as scFv and maintain function in cells. 
Finally, different scFv fragments have distinct properties of solubility or propensity to 
aggregate when expressed in this cellular environment. 



30 



There is a need, therefore, io obtain antibody fragments that will fold, are stable and 
soluble under conditions of intracellular expression. At present, no approach to this 
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problem has been developed and intracellular stability of antibodies remains essentially 
unprediciable. 

Summary of the Invention ' 

5 

Most immunoglobulins selected from phage display libraries, or otherwise, do not bind to 
their targets in the cytoplasm of cells. The invention concerns the use of a selection step 
after the in vitro Stage to subdivide the in vitro binders into those which can also bind in 
vivo. Accordingly, a general irnmunoglbbuUn-target assay system is provided, in which a 
10 positive outcome (the generation of a signal) depends only on the interaction of antibody 
with target. This can be accomplished for many antibodies expressed in yeast and in 
mammalian cells. 

In accordance with the present invention, Therefore, there is provided a method for 
15 determining the ability of an immunoglobulin to bind to a target in an intracellular 
environment, comprising the steps of; 

a) providing a first molecule and a second molecule, wherein stable interaction of 
the first and second molecules leads to the generation of a signal; 

b) providing an intracellular immunoglobulin which is associated with the first 

20 molecule; 

c) providing an intracellular target which is associated with the second molecule, 
such that association of the immunoglobulin and the target leads to stable interaction of 
the first and second molecules and generation of the signal; 

d) assessing the intracellular interaction between the immunoglobulin and the 

25 target by monitoring the signal. 

The basis of the method of the present invention is that when Hie first and second 
molecules are brought into stable interaction by binding of immunoglobulin to target in 
the intracellular environment, a signal is generated. The first and second molecules are 
30 thus two parts of a signal-generating agent which are capable of generating a signal by 
interacting. A "signal", as referred to herein, is any deteciabie event. This may include a 
luminescent, fluorescent or other signal which involves the modulation of the intensity or 
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frequency of emission or absorption of radiation; for example, a FRET signal or the 
induction of a luciferase gene; these and other signals are further described below. 

'Intracellular" means inside s cell, and the present invention is directed to the selection of 
5 immunoglobulins which will .bind to targets selectively within a cell. The cell may be any 
cell, prokaryotic or cukaryotic, and is preferably selected from the group consisting of a 
bacteria! cell, a yeast cell and a higher eukaryote cell. Most preferred are yeast cells and 
mammalian cells. In general, the assay of Ate invention is carried out an the cytoplasm of 
the cell, and determines the ability of the immunoglobulin to fold effectively within the 
10 cytoplasm and bind to its target. As used herein, therefore, "intracellular" 
Lmmunoglobulins and targets are immunoglobulins and targets which are present within a 
cell, preferably in the cytoplasm. 

U a further embodiment, Hie method of the invention may be conducted under conditions 
15 which resemble or mimic an intracellular environment. Thus, "intracellular" may refer to 
an environment which is not within the cell, but is in vitro. For example, the method of 
the invention may be performed in an in vitro transcription and/Or translation system, 
which may be obtained commercially, or derived from natural systems. Preferably, the 
environment is adjusted such that the reducing conditions present in cellular cytoplasm 
20 are replicated, allowing for faithful selection of hnmunoglobulins capable of selective 
binding to targets in true mtracellular conditions. 

Advantageously, the method of the invention further comprises a functional assay for the 
immunoglobulin. Thus, the method preferably further includes the step of selecting the 

25 immunoglobulins which cause a signal to be generated in the intracellular environment, 
and subjecting those fcnmimoglobulins to a functional intracellular assay. For example, 
where the assay is intended to select immunoglobulins which bind to targets which are 
associated with tumourigenesis, such as the gene product of the BCR-ABL chromosomal 
translocation, the immunoglobulins may be tested in a cell transformation assay to 

3 0 determine any modulating activity on the production of transformed cells. 

The first and second molecules may be any molecules, consistent with the requirement to 
generate a signal. They need not necessarily be polypeptides. For example, they may be 
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fluorophores or other chemical groups capable of emitting or absorbing radiation, in a 
preferred aspect, however, the first and $econd molecules of the invention are 
polypeptides. 

5 Polypeptides according to the invention associate to form a reporter molecule which is 
itself capable of giving a signal. Preferably, therefore, the polypeptides are domains of 
such a reporter molecule. 

For example, the polypeptides may he domains of a fluorescent polypeptide, such as GFP, 
1 0 or domains of a transcription factor which, when active, upregulates transcription Ifrom a 
reporter gene. The reporter gene may itself encode GFP, or another detectable molecule 
such as hiciferase, 0-galactosidase, chloramphenicol acetyl transferase (CAT), an enzyme 
capable of catalysing an euzymatic reaction with a detectable end-point, or a mjolecule 
capable of regulating cell growth, such as by providing a required nutrient. 



Association of the immunoglobulin aod the target in accordance with the invention 
provides a stable link between the first and second molecules, which brings the molecules 
into stable interaction. "Stable interaction" may be defined as an interaction which 
pennies functional cooperation of the first and second molecules in order to give rise to a 
20 detectable result, according to the signalling methods selected fox use. Advantageously, a 
siable interaction between the first and second molecules does not occur unless the 
molecules are brought together through binding of the immunoglobulin and the target 

The terms "immunoglobulin" and "target" are used according to their ordinary 
25 signification given in the art, as further defined below. The term nmimmoglobulhT, in 
particular, refers to any moiety capable of binding a target, in particular a member of the 
immunoglobulin superfemily, including T-cell receptors and antibodies. It includes any 
fragment of a natural immunoglobulin which is capable of binding to a target molecule, 
for example antibody fragments such as Fv and scFv. The term "target" includes 
30 antigens, which may be targets for antibodies, T-cell receptors, or other immunoglobulin. 

Preferably, the immunoglobulin is an antibody and the target is an antigen. "Antibody" 
explicitly includes antibody fragments. 
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In a preferred embodiment, the immunoglobulin and target axe provided by expressing 
nucleic acids within the cell in which the intracellular assay is to take place. The 
immunoglobulin and target constructs, which comprise the signal-generating molecules, 
5 ^-are-transcribed and/or -translated from jiucleic. acid and localised to, for instance, the 
cytoplasm of the cell, where the intracellular assay may take place. In other advantageous 
embodiments the intrcellular immunoglobulins may be localised to any desired 
subcellular compartment, such as the nucleus (for example by fiision to a nuclear 
localisation signal), to the ER, using an ER retention signal, or other locations. 

10 

Nucleic acids encoding immunoglobulins may be obtained from libraries encoding a 
multiplicity of such molecules. For example, phage display libraries of immunoglobulin 
molecules axe known and may be used in this process. Advantageously, the library 
encodes a repertoire of immunoglobulin molecules. A '"repertoire" refers to a set of 

15 molecules generated by random, semi-random or directed variation of one or more 
template molecules, at the nucleic acid level* in order to provide a multiplicity of binding 
specificities. Methods for generating repertoires are well characterised in the ait- 
Libraries may moreover be constructed from nucleic acids isolated "from organisms which 

20 have been challenged with a target, for example an antigen. s Antigen challenge will 
normally result in the generation of a polyclonal population of immunoglobulins, each of 
which is capable of binding to the antigen but which may differ from the others in terms 
of epitope specificity or olher fearures- By cloning immunoglobulin genes from an 
organism a polyclonal population of immunoglobulins may be subjected to selection 

25 using the method of the invention in order to isolate immunoglobulins which axe suitable 
for use in intracellular environments. 



The method of Hhe invention permits the isolation of immunoglobulins which are capable 
of intracellular binding activity, and/or nucleic acids encoding such immunoglobulins, on 
30 the basis of ihe signal generated by the method set forth above. Accordingly, one or bath 
of the immunoglobulin and the target used in the method of the invention, together with 
the first or second molecules, ore provided in the form of nucleic acid constructs which 
are transcribed to produce said immunoglobulin and/or target together "With said first or 
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second molecules. Nucleic acid constructs may be expression vector capable of ditacftpg 
expression of the nucleic acid encoding the immunoglobulin in the cell in which the 
method of the invention is to toe performed. 

> 

5 The present invention ^ows the ; isolation , of immunoglobulins and/or nucleic acids 
' encoding them which hind to targets intracellular!^ Advantageously, the 

immunoglobulins which are screened by the method of the present invention are 
previously selected far target specificity* Accordingly, the invention provides a method 
for preparing an immunoglobulin suitable for use in a procedure according to the x 
10 invention, comprising the steps of: 

a) expressing a repertoire of immunoglobulin genes in a selection system and 
isolating those genes which encode immunoglobulins specific for a desired target; 
^ b) bringing the isolated geues into operadve association with nucleic acids 

yy encoding a first molecule, -wherein stable interaction of the first molecule with a second 

fj 15 molecule generates a signal, in order to produce a fusion polypeptide comprising the 
on hnmunogjobnlin and the first molecule. 

n As used above, ".operative association" refers to the fusion or juxtaposition of coding 

~ sequences such that a fusion protein is produceds comprising the immunoglobulin and the 

M 20 signal-generating molecule. Normally, performing a selection against an target vail 
Q generate a smaller repertoire of antibodies which share target specificity. The 

Jl transcription units encoding such immunoglobulms, fbsed to the signal generating 

m molecules, are employed in an assay according to the invention in order to select those 

immunoglobulins which are capable of functioning intracellularly. 

25 

The method of our invention may be used for isolating antibodies which are capable of 
binding to the tan protein (reviewed in Paglini et al, 2000, Neurochem Res 2000 
Jan;25(I):37-42) or the BCR protein. These antibodies are suitably isolated fom phage 
display libraries, as described in further detail below. 

30 
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Brief Description of the Drawings 



Fii s 



Figure J. 

AMCV Antigen- scFv F8 antibody interactions in the yeast two-hybrid Systran 

5 

L40 his- yeast cells (auxotrophic for Tip and Leu and with HISS and lacZ reporter genes 
for VP 1 dependent transcriptional activation) are co-transfeteed with a LexA-AMCV 
antigen bait vector (AMCVp41/BTMn6) and scFv~VP16 fusion vectors or the VP 16 
vector alone. Yeast clones are grown "on agar and appear slightly pink (because of the 
10 ade2-101 mutation). Interaction of antigen bait and ScFv-VPl6 fusion caves growth on 
bis-minus plates due to HIS3 activation and blue colour in Xgal substrate due to lacZ gene 
activation. 

p-galactosidase assays of L40 yeast transfected with the following vectors are shown: 



m 15 



20 



Row 1: AMCVp41/BTMl 16 alone 
Row 2: AMCVp41/BTM116 + VP16 vector 
Row 3 : Lamin/BTMl 1 6 .+ $cFvF8/VP 1 6 
Row 4: AMCVp41/BTM116-f- scFvFS/VPlo" 

jj-galactosidase activation is only observed when the LexA-AMCV bait is co-expressed 
with scFvFS (The expression of LexA, LexA-AMCVp41 and LexA-Lamin protein is 
assessed by western blot analysis using an and LexA polyclonal antibody). 

25 Figure 2. 

Intracellular interaction of scFv with target antigens in yesist 

L40 yeast are co-transfected with LexA-anngen DNA-bmding fusions (baits) in the 
pBTMllo vector and scFv fusions with the VP16 transcriptional transactivation domain 
30 in the pVPl 6 vector. Yeast are streaked and grown on his- ramus medium and scored for 
{3-galactosidas* activity (yielding bine colonies when the scFv^antigen interaction ocouxs 

intracellularly). 
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A. Transaction of HTV-1 integrasc clone HTV-1 IN/BTMH6 alone (row 1), with the 
pVP16 vector (row 2) or with he anti-imegrase scFvIN33/VPI6 (row 4). tsx row 1 
ScFvIN33ATP16 is co- transfer! with the non-relevant Lamia/BTM116 bait, |5-gal 
activation is only observed in row 4. 



TransfectLon of the Syk bait 



clone Syk/BTM116 alone (row 1) or with pVPl6 (row 



2). In rows 3, 4 and 5 the thttsp anti-Syk $cPv-VPl6 clones (scFvV6Cll, G6G2 and 
Q4G11-VP16) are co-transfected with a non-relevant antigen bait (Lamin/BTM116) and 
in rows 6, 7 and S the same three anti-Syk scFv-VP16 clones are co-trai»sfected with the 
Syk/BTMl 16 bait. fJ-gal activatiln is only observed in row 8, 

i 
i 

C Transfection of the K-ras bkit clone K-ras/BTM116 alone (row 1) or with pVPl6 
(row 2). fix raw 3, the anti-ms scFv clone scFvY13A?P16 is co-transfectcd with the non- 
relevant Lamin/BTMI16 bait at 20"C Rows 4 arid 5 are clones co-transfected with K- 
ras/BTMlliS and scFvY13/VP16 
is only observed in row 5, 



grown at 30 a C and 20"C respectively. (5-gaI activation 



25 



Figure 3. j 
Plating assay for taistidinc prctotraphy 

140 yeast are transfected bait doles alone (A), with baits together with the pVP16 vector 
(B) and assayed for growth on the indicated selective media. Only (5-gal/8TMll6 bait 
gave a background of histidtae jprototrophs when expressed alone (panel A) or together 
with pVP16 (panel B). All of 4 e scFv-VP16 ftagments tested interact specifically with 
their specific bait but not with a lion-relevant antigen (Lamin) (panel C)< 



30 



(+) indicates growth and (-) no gibwtiL 

i 

YC-WHULK indicates yeast colonies grown in the absence of tip, his, ma, leu and lys; 
YG-WHUK in the absence of tr^ hi$ s lira and lys; YOWL in the absence of tip and leu 
and YC-W in the absence of tap. j 



Figure 4. 
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Mammalian antibody-antigen two-hybrid CAT assay 

A chloramphenicol acetyl transferase CAT reporter clone (pE5C-CAT) is transferee!' into 
CHO cells with combinations of pMl or pNLVP16 derivatives and CAT activity scored 



independent CAT assays are performed for each transfection point, 

Each transfection has pESC-CAT reporter together with Lane 1 : pM-(3ga! + pNnLscFvR4- 
VP16; Lane 2: pESOCAT reporter alone; Lane 3: pM-^gal; Lane 4; pNLscFvR4- 
10 VP16; Lane 5: pMp-gal + pNLscFvF8-VP16; Lane 6: pNL$cFv-VP16 + pMl-AMCV; 
Lane 7: P M-scFvR4 + pNLVP16-Pgal; Lane S: pM-scFvR4; Lane 5; pttLVPl6-Pgal; 
Lane 10: pM-pgal + pNLVP16*cFvR4; Lane 11: pNLVPl6-scFvR4 

Figure 5, 
1 5 Redox state of seFv fragments 



Western blot analysis of scFvF8-VP16 (expressed in the cytoplasm of L40 yeast cells} and 
of seFvoJDll (expressed as a soluble protein in Baculovirus expression system). Samples 
are prepared as described in the Examples, and separated in the presence (reducing) or 

20 absence (non-reducing) of p-nnercaptoethanol (p-mer) in SDS-PAGE loading buffer. 
After blotting, the scFvs are detected with the anti-rayc antibody 9E10. The bars at right 
of the lanes indicate the molecular weight gel shift b« ween the oxidised (ox) and reduced 
(red) forms of the scFvaDIL ScFvF8-VP16 fusion protein does not undergo any 
difference in electxopboretic mobility between the sample analysed under reducing and 

25 non-reducing conditions, indicating that scFvF8-VP16 does not form disulpbide bonds in 
yeast cytoplasm (RED). 

Figured 

Model selection of scFv-VP16 clone from a mixture of scFv 

30 

Yeast L40 is co-tamsformed with 3 different DNA mixtures, with 3 increasing dilutions 
of scFvF8-VP!6 DNA progressively diluted with DNA encoding non relevant scFv 
library. 



5 



by thin-layer chromatography (panel A) or phosphoimager analysis (panel B)- Two 
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Top plates: co-transformed cells are plated onto His- plates and after 3 days, growing 
colonies are picked and replated on grid His- plates. After 3 days growth, a p- 
galactosidase assay is performed. All the surviving colonies revealed a positive 
5 interaction. 

Bottom plates; co-transformed cells are plated onto His+ plates and after 3 days, growing 
colonies axe picked and replated on grid His+ plates. After 3 days, colonies are screened 
for p-gal activity. As expected not all the colonies are blue indicating that it is possible to 
10 detect interacting Ag-scFv fragments pairs against a "background of non-relevant acFv 
fragments, even when selecting the co-transformed cells only for the presence of 
plasmids, 

/X YC-WHULK indicates yeast colonies grown in the absence of trp, his, ura, leu and lys and 

W 15 YC-WL in the absence of trp and leu, 

f. - 

%.j Detailed Description of the Invention 

p| a) TmTrmnogloblllmS 

ry 20 

y Immunoglobulin molecules, according to the present invention, refer to any moieties 

O which are capable of binding to a target. In particular, they include members of the 

rU immunoglobulin superfemily, a family of polypeptides winch comprise the 

immunoglobulin fold characteristic of antibody molecules, which contains two fl sheets 
25 and, usually, a conserved disulphide bond- Members of the immunoglobulin superfamily 
ace involved in many aspects of cellular and non-cellular interactions in vivo, including 
widespread roles in the immune system (far example, antibodies, T-cell receptor 
molecules and the like), involvement in cell adhesion (for example the ICAM molecules) 
and intracellular signalling (for example, receptor molecules, such as the PDGF receptor)- 
30 The present invention is applicable to all immunoglobulin supsrfamily molecules which 
are capable of binding to target molecules. Preferably, the present invention relates to 
antibodies. 
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Antibodies, as used herein, refers to complete antibodies or antibody Segments capable of 
binding to a selected target, and including Fv 3 ScFv, Fab* and F{ab'}2 S monoclonal and 
polyclonal antibodies, engineered antibodies including chimeric, CDR-grafted and 
humanised antibodies* said artificially selected antibodies produced using phage display or 
5 alternative techniques. Small fragments, such as Fv and ScFv 3 possess advantageous 
properties for diagnostic and therapeutic applications on account of their small size and 
consequent superior Tissue distribution. Preferably, the antibody is a single chain antibody 
or scFv. 

10 Tie antibodies according to the invention are especially indicated for diagnostic and 
therapeutic applications. Accordingly, they may be altered antibodies comprising an 
effecrorproTeinsuchasatoxinoralabel. Especially preferred arc labels which allow The 
imaging of the distribution of the antibody in vivo. Such labels may be *adioactive labels 
or tadioopaque labels, such as metal particles, which are readily visualisable within the 

15 body of a patient. Moreover, they may be fluorescent labels or other labels which arc 
visualisable on tissue samples removed fiom patients. Effector groups may be added 
prior to the selection of the antibodies by the method of the present invention, or 
afterwards* 

20 Antibodies may be obtained from animal serum, or, in the case of monoclonal antibodies 
or fragments thereof, produced in cell culture. Recombinant DNA technology may be 
used to produce the antibodies according to established procedure, in bacterial or 
preferably mammalian cell culture. The selected cell culture system preferably secrete* 
the antibody product. 

25 

Multiplication of hybridoma cells or mammalian host cells in vitro is carried out in 
suitable culture media, which are the customary standard culture media, for example 
Dulbecco's Modified Eagle Medium (DMEM) or RPMI 1640 medium, optionally 
replenished by a mammalian sennx , e.g. foetal calf serum, or trace elements and growth 
30 sustaining supplements, e.g. feeder cells such as normal mouse peritoneal exudate cells, 
spleen cells, bone marrow macrophages, 2-ammoethanol, insulin, transferrin, low density 
lipoprotein, oleic acid, or tte like. Multiplication of host cells which are bacterial cells or 
yeast cells is likewise carried out in suitable culture media known in the art, for example 
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for bacteria iri medium LB, NZCYM, NZYM, NZM, Terrific Broth, SOB, SOC, 2 x YT, 
or M9 Minimal Medium, and for yeast in medium YPD* YEPD, Minimal Medium, or 
Complete Minimal Dropout Medium. 

5 In, vitro production provides relatively pure antibody preparations and allows scale-up to 
give large amounts of the desired antibodies. Techniques for bacterial cell, yeast or 
mammalian cell cultivation are known in the art .and include homogeneous suspension 
culture, e.g. in an airlift reactor or in a continuous stirrer reactor, or immobilised or 
entrapped cell culture, e.g, in hoUow fibres, microcapsules, on agarose microbeads or 

10 ceramic cartridges. 

Large quantities of the desired antibodies can also be obtained by multiplying mammalian 
cells in vivo. For this purpose, bybridoina cells producing Hie desired antibodies are 
injected inio histocompatible mammals to cause growth of antibody-producing tumours, 

15 Optionally, the animals are primed -with a hydrocarbon, especially mineral oils such as 
pristane (tetramethyl-pentadecane), prior to the injection. After one to three weeks, the 
antibodies are isolated from the body fluids of those mammals* For example, hybridoma 
cells obtained by fusion of suitable myeloma cells with antibody-producing spleen cells 
from Balb/c mice, or transfected cells derived from hybridoma cell line Sp2/0 that 

20 produce the desired antibodies are injected intraperitoneally into Balh/c mice optionally 
pre-treated with pristane, and, after one to two weeks, ascitic fluid is taken from the 
animals. 

The foregoing, and other, techniques are discussed in, for example, Kohler and Milstcin, 
25 (1975) Nature 256:495-497; US 4,376,1 10s Harlow and Lane, Antibodies: a Laboratory 
Manual, (1 988) Cold Spring Harbor, incorporated herein by reference. Techniques for the 
preparation of recombinant antibody molecules is described in the above references and 
also in, for example, EP 0623679; EP 0368684 and EP 0436597, which are incorporated 
herein by reference, 

30 

The cell culture supernatants arc screened for the desired antibodies, preferably by 
immunofluorescent staining of cells expressing the desired target by immunoblotring, by 
an enzyme immunoassay, e.g. & sandwich assay or ft dot-assay, or a radioimmunoassay. 
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For isolation of the antibodies, the immunoglobulins in the culture supcrnatants Of in the 
ascitic fluid may be concentrated, e.g., by precipitation with ammoflium sulphate, dialysis 
against hygroscopic material such as polyethylene glycol, filtration through selective 
5 membranes, or the like. If necessary and/or desired^ the antibodies are pacified by the 
customary chromatography methods, for example gel filtration* ion-exchange 
chromatography, chromatography over DEAE-cellulose and/or (immtmo-)affkiity 
chromatography, e,g, affinity chromatography with the target molecule or with Protein-A. 

10 Antibodies generated according to the foregoing procedures may be cloned by isolation of 
nucleic acid from ceMs, according to standard procedures, UsefUUy, nucleic acids variable 
domains of the antibodies may be isolated and used to construct antibody fiagments, such 

2 as scFv. 

ifl 15 The invention therefore preferably employs recombinant nucleic acids comprising an 
M> insert coding for a heavy chain variable domain and/or for a light chain variable domain 

J;; of antibodies. By definition such nucleic acids comprise coding single stranded nucleic 

acids, double stranded nucleic acids consisting of said coding nucleic acids and of 
!*f complementary nucleic acids thereto, or these complementary (stogie stranded) nucleic 

3 20 acids themselves. 

r: Furthermore, nucleic acids encoding a heavy chain variable domain and/or for a light 

chain variable domain of antibodies can be eucymatically or chemically synthesiscd 
nucleic acids having the authentic sequence coding for a naturally-occurring heavy chain 
25 variable domain and/or for the light chain variable domain, or a mutant thereof. A mutant 
of th^ authentic sequence is a nucleic acid encoding a heavy chain variable domain and/or 
a light chain variable domain of the above-mentioned antibodies in vvhich one or more 
amino acids are deleted or exchanged with one or more other amino acids. Preferably said 
modification(s) are outside "die CDEs of the heavy chain variable domain and/or of the 
30 light chain variable domain of the antibody- Such a mutant nucleic acid is also intended to 
be a silent mutant wherein one or more nucleotides are replaced by other nucleotides with 
the new ccdons coding for the same amino acid(s). Such a mutant sequence is also a 
degenerated sequence. Degenerated sequences are degenerated within the meaning of the 
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genetic code in that an unlimited number of nucleotides are replaced by other nucleotides 
without resulting in a change of Hie aromo acid sequence originally encoded. Such 
degenerated sequences may be useful due to their different restriction sites and/or 
frequency of particular codons which are preferred by the specific host, particularly yeast, 
5 bacterial or mammalian cells, to obtain an optimal expression of the heavy chain variable 
domain and/or a light chain variable domain. 

The term mutant is intended to include a DNA mutant obtained by in vitro or in vivo 
mutagenesis of DNA according to methods known in the art- 

10 

Recombinant DNA technology may be used to improve the antibodies of the invention. 

Thus, chimeric antibodies may be constructed in order to decrease the rmmunogenicity 
? thereof in diagnostic or therapeutic applications. Moreover, iromunogenicity may be 

S miiuniised by humanising the antibodies by CDR grafting [as reviewed in European 

W l5 patent Application 0 239 400 (Winter)] and, optionally, framework modification [as 
E! reviewed in international patent application WO 90/07861 (Protein Design Labs)]. 

^ The invention therefore also employs recombinant nucleic acids comprising an insert 

O coding for a heavy chain variable domain of en antibody fused to a human constant 

| 20 domain y, for example yl, T 2, y3 or y4, preferably yl or yA. Likewise Ihe invention 

2 concerns lecombiaant DNAs comprising an insert coding for a light chain variable 

O domain of an antibody fused to a human constant domain k or X, preferably k. 

More preferably, the invention employs CDR-grafted antibodies, which are preferable 
25 CDR-grafted light chain and heavy chain variable domains only. Advantageously, the 
heavy chain variable domain and the light chain variable domain are linked by way of a 
spacer group, optionally comprising a signal sequence facilitating the processing of the 
antibody in the host cell and/or a DNA coding for a peptide facilitating the purification of 
the antibody and/or a cleavage site and/or a peptide spacer and/ox an effector molecule. 
30 Such antibodies are known as scFvs. 

Antibodies may moreover be generated by mutagenesis of antibody genes to produce 
artificial repertoires of antibodies. This technique allows the preparation of antibody 
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libraries, as discussed Anther below; antibody 
Hence, the present inventioD advantageously 
immunoglobulins, preferably artificial ScFv 



libitaries are also available commercially, 
employs artificial repertoires of 
, as an immunoglobulin source. 



repertoires 



5. . b), Targets 



Targets are chosen according to the use to which it is intended to put the intracellular 
immunoglobulin selected by the method of tie present invention. Thus, -where it is 
desired to select an immunoglobulin capable of binding to a defined cellular component, 
such as a polypeptide, a subcellular structure or ai intracellular pathogen, the -whole of 
said component or an epitope derived therefrom may be used as a target. 

Potential targets include polypeptides, particularly nascent polypeptides or intracellular 
polypeptide precursors, which are present in the < sell. Advantageously, the target is a 
mutant polypeptide, such as a polypeptide generated through genetic mutation, including 
point mutations, deletions and chromosomal translocations. Such polypeptides are 
frequently involved in tumourigenesis. Examples include the gene product produced by 
the spliced BCR-ABL genes and point mutants of the Ras oncogene. The invention is 
moreover applicable to all mutated oncogene products, all chromosomal translocated 
oncogene products (especially fusion proteins), aberrant proteins in expressed in disease, 
and viral or bacerial specific proteins expressed as s result of infection. 

The target may alternatively be an RNA molecule for example a precursor RNA or a 
mutant RNA species generated by genetic mutation 



or otherwise. 



The target may be inserted into the cell, for example as described below, or may be 



endogenous to the cell. Where the target is endogenous, generation of the signal is 
dependent on the attachment of a signalling molecule to the target within Use cell, or on 
the target itself being capable of functioning as one oalf of the signal-generating agent 
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c) Libraries and selection systems 

Immunoglobulins for use in the invention may be isolated from libraries comprising 
artificial repertoires of immunoglobulin polypeptides. Advantageously, the 
5 - immunoglobulins may be preselected by screening against the desired target, such that the 
method of the invention is performed with immunoglobulins which substantially all are 
specific for the intended target 

Any library selection system may be used in conjunction with the invention. Selection 

i 

protocols for isolating desired members of large libraries are known in the art, as Typified 
10 by phage display techniques. Such systems, in which, diverse peptide sequences are 
displayed on the surface of filamentous bacteriophage (Scott and Smith (1990 supra\ 
have proven useful for creating libraries of antibody fragments (and the nucleotide 
sequences that encoding them) for the in vitro selection and amplification of specific 
antibody fragments that bind a target antigen, The nucleotide sequences encoding the V H 
15 and Vl regions are linked to gene fragments which encode leader signals that direct them 
to the periplasmic space of R coli and as a result the resultani antibody fragments are 
displayed on the surface of the bacteriophage, typically as fusions to bacteriophage coat 
proteins (e.g., pH3 or pVni). Alternatively, antibody fragments are displayed externally an 
lambda phage capsids (phagebodies). An advantage of phage-based display systems is 
20 that, because they are biological systems, selected library members can be amplified 
simply by growing the phage containing the selected library member in bacterial cells- 
Furthermore^ since the nucleotide sequence that encode the polypeptide library member is 
contained on a phage or phagemid vector, sequencing* expression and subsequent genetic 
manipulation is relatively straightforward, 

25 

Methods for the construction of bacteriophage antibody display libraries and lambda 
phage expression libraries are well known in the art (McCafiferty et aL (1990) supra; 
Kang et aL (1991) Proc. Natl Acad. Set SS: 4363; Clackson et aL (1991) Nature, 

352: 624; Lowman et aL (1991) Biochemistry, 30: 10832; Burton et al (1991) Proc Natl 
30 Acad. Sci Kii, t SSr 10134; Hoogenboom at aL (1991) Nucleic Adds Res., 19: 4133; 
Chang et aL (1991) J. Immunol^ 147; 3610; BreitUng et aL (1991) Gem, 104: 147; Marks 
et aL (1991) supra; Baxbas et aL (1992) supra; Hawkins and Winter (1992) J. Immunol., 
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22: 867; Marks er a/., 1992, J. Biol Chem. 9 267: 16007; Lcmer et aL (1 992) Science, 258: 
1313, incorporated herein by reference). 

One particularly advantageous approach has been the use of scPv phagMibraries (Huston 
5 et aL, 1988, Pioc. Natl. Acad Sci U.S 85: 5879-5883; Chaudhary cf (1990) Proc. 
" Natl, Acad. Sri USA., 87: 1066-1070; McCafferty ctf« (1990) supra; Clackson er aL 

(1991) supra; Marks aL (1991) supra; Chiswcll <?* aL (1992) Trends Biotech., 10: B0; 

Marks a/. (1992) supra)* Various embodiments of scFv libraries displayed on 

bacteriophage coat proteins have been described- Refinements of phage display 
10 approaches are also known, for example as described in WO96/06213 and WO92/01047 

(Medical Research Council et aL) and WO97/0S320 (Moiphosys, supra), which are 

incorporated herein by reference. . 

Alternative library selection technologies include bacteriophage lambda expression 
15 systems, which may be screened directly as bacteriophage plaques or as colonies of 
lysogens, both as previously described (Huse et aL (19&9) Science, 246: 127S; Caton and 
Koprowski (1990) Proa Natl Acad, ScL U.S.A. 9 ,#7; Mullinax et aL (1990) PrOC- Natl 
Acad ScL OSJL r VT: &095; Persson et aL. (1991) Piroc Narl Acad Set U.SM «8: 2«2) 
and are of use in the invention. Whilst such expression systems can be used to screening 
20 up to 10* different members of a library, they are not really suited to screening of larger 
numbers (greater than 10* members)- Other screening systems rely, for example, on direct 
chemical synthesis of library members. One early method involves the synthesis of 
peptides on a set of pins or rods, such as described in WO 84/03 564, A similar method 
involving peptide synthesis on beads, which forms a peptide library in which each bead is 
25 an individual liteaty member, is described in U.S. Patent No. 4,631,211 and a related 
method is described in WO92/00091. A significant improvement of the bead-based 
methods involves tagging each bead -with a unique identifier tag, such as an 
oligonucleotide, so as to facilitate identification of the amino acid sequence of each 
library member. These improved bead-based methods are described in WO93/0612L 

30 

Another chemical synthesis method involves the synthesis of arrays of peptides (or 
peptidomimetics) on a surface in a manner that places each distinct library member (e.g,, 
unique peptide sequence) at a discrete, predefined location in the array. The identity of 
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each library member is determined by its spatial location in tie array. The locations in the 
array wfaere binding interactions between a predetermined molecule (e.g., a receptor) and 
reactive library members occur is determined, thereby identifying the sequences of the 
reactive library members oil the basis of spatial location. These methods are described in 
U.S. Parent No. 5,143,854; .WO90/1507O and WO92/10092; Fodor et ah (1991) Science, 
251: 767; Dower and Fodor (1991) Ann. Rep. Med Chem. f 26: 271 . 

Other systems for generating libraries of polypeptides or nucleotides involve the use of 
cell-free enzymatic machinery for the in vitro synthesis of the library members. In one 
method, KNA molecules are selected by alternate rounds of selection against a target 
ligand and PCR amplification (Tuerk and Gold (1990) Science y 249; 505; Ellington and 
Szostak (1990) Nature* 346: SIS). A similar technique may be used to identify DNA 
sequences which bind a predetermined human transcription factor (Thiesen and Bach 
(1990) Nucleic Acids Re S . 9 IS: 3203; Beaodiy and Joyce (1992) Science, 257; 635; 
WO92/0525S and W092/14843). La a similar way, in vitro translation can be used to 
synthesise polypeptides as a method for generating large libraries. These methods which 
generally comprise stabilised polysome complexes* are described further in WO88/08453, 
WO90/057S5* WO90/07003, WO91/02076, WO91/Q5058, and WO92/02S36. Alternative 
display systems 'which are not phage-based, such as those disclosed hi W09S/22625 and 
W095/11922 (Afiymax) use the polysomes to display polypeptides for selection* These 
and all the foregoing documents also are incorporated herein by reference. 

Aa alternative to the use of phage or other cloned libraries is to use nucleic acid, 
preferably KNA, derived from the spleen of an animal vfaich has been immunised with 
the selected target- KNA thus obtained represents a natural library of immunoglobulins. 
Isolation of V-rcgion and C-region mRNA permits antibody fragments, such as Fab or Fv, 
to be expressed intracellularly in accordance with the invention. 

Briefly, RNA is isolated from the spleen of an immunised animal and PCR primers used 
to amplify V H and V L cGNA selectively from the RNA pool. The V H and V L sequences 
thus obtained are joined to make scFv antibodies. PCR primer sequences are based on 
published V H and V L sequences and are available commercially hft kit form. 
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d) Delivery of Immunoglobulins and Targets to Cells 

The present invention provides an assay for intracellular antibodies which is conducted 
essentially innacellularly, or in conditions which mimic the intracellular environment* 
preferably the cytoplasmic environment- 

In order to introduce immunoglobulins and target molecules into an intracellular 
environment, cells are advantageously traasfected with nucleic acids which encode the 
iunnunoglobul«i5 and/or their targets. 



10 



Nucleic acids encoding immunoglobulins and/or targets can be incorporated into vectors 
for expression. As used herein, vector (or plasmid) refers to discrete elements that are 
used to introduce heterologous DNA into cells for expression thereof. Selection and use 
of such vehicles are well within the skill of the artisaji. Many vectors are available, and 

15 selection of appropriate vector will depend on the intended use of the vector, the size of 
the nucleic acid to be inserted into the vector, and the host cell to be transformed with the 
vector- Each vector contains various components depending oil its function and the host 
cell for which it is compatible. The vector components generally include, but are not 
limited to, one or more of the following: an origin of replication, one or more marker 

20 genes, an enhancer clement, a promoter, a Transcription termination sequence and a signal 
sequence. 

Moreover, nucleic acids encoding the immtmogiobulins and/or targets according to the 
invention may be incoip orated into cloning vectors, for general manipulation and nucleic 
25 acid amplification purposes. 

Both expression and cloning vectors generally contain nucleic acid sequence that enable 
the vector to replicate in one or more selected host cells. Typically in cloning vectors, this 
sequence is one that enables the vector to replicate independently of the host 
30 chromosomal DNA, and includes origins of replication or autonomously replicating 
sequences. Such sequences are well known for a variety of bacteria, yeast and viruses. 
The origin of replication torn the plasmid pBR322 is suitable for most Gram-negative 
bacteria, the 2m plasmid origin is suitable for yeast, and various viral origins (e.g. SV 40, 
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polyoma, adenovirus) are useful for cloning vectors in mammalian cells. Generally, the 
origin of replication component is nor needed for mammalian expression vectors unless 
these are used in mammalian cells competent for high level DNA replication, such as 
COS colls. 



■TTS 



Most expression vectors ore shuttle vectors, i.e. they are capable of replication in at least 
one class of organisms but can be transfected into another class of organisms for 
expression. For example a vector is cloned in E. coli and then the same vector is 
transfected into yeast or mammalian cells even though it is not capable of replicating 
10 independently of the host cell chromosome. DNA may also be replicated by insertion into 
the host genome. However, the recovery of genomic DMA is more complex than that of 
exogenously replicated vector because restriction enzyme digestion is required to excise 
the nucleic acid. DNA can be amplified by PCR and be directly transfected into the host 
cells without eny replication component. 

15 

Advantageously „ an expression and cloning vector may contain a selection gene also 
referred to as selectable marker. This gene encodes a protean necessary for tba survival or 
growth of transformed host cells grown in a selective culture medium. Host cells not 
transformed With the vector containing the selection gene will not survive in the culture 
20 medium. Typical selection genes encode proteins that confer resistance to antibiotics and 
other toxins, e.g. ampicillin, neomycin, methotrexate or tetracycline;, complement 
auxotrophic deficiencies, or supply critical nutrients not available from complex media. 

As to a selective gene marker appropriate for ycasi> any markex gene can be used which 
25 facilitates the selection ibr transfonnants due to the phenotypic expression of the marker 
gene, Suitable markers for yeast are, for example, those conferring resistance to 
antibiotics G41S, hygramycin or bleomycin, or provide for prototrophy in an auxotrophic 
yeast mutant, for example the URA3. LEU2, LYS2, TRP1 T or HIS3 gene, 

30 Since the replication of vectors is conveniently done in E. coli, an R coli generic marker 
and an E. coli origin of replication axe advantageously included. These can be obtained 
from E. coli plasmids, such as pBR322 3 Blues cript© vector or a pUC plasmid, e.g. pUCl 8 
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or pUC19, which contain both an R colt replication origin aiad an B, coli genetic marker 
conferring resistance to antibiotics, such as ampicillhr 

Suitable selectable markers for mammalian cells are those that enable the identification of 
5 cells expressing the desired nucleic acid, such as dihydrofolate reductase (DHFR B 
methotrexate resistance), thymidine kinase, or genes conferring resistance to G41S or 
hygromycin. The mammalian cell txansformants are placed under selection pressure which 
, only those transformants which have taken up and are expressing ihe marker are uniquely 
adapted to survive. In the case of a DHFR or glutamine synthase (GS) marker, selection 

10 pressure can be imposed by culturing the transfonnants under conditions in which the 
pressure is progressively increased, thereby leading to amplification (at ite chromosomal 
integration site) of both the selection gene and the linked nucleic acid. Amplification is 
the process by 'which genes in greater demand fox the production of a protein critical for 
growth, together with closely associated genes which may encode a desired protein, are 

IS reiterated in tandem within the chromosomes of recombinant cells. Increased quantities of 
desired protein are usually synfhesised from thus amplified DNA- 

Expression and cloning vectors usually contain a promoter that is recognised by the host 
organism and is operably linked to the desired nucleic acid. Such a promoter may be 

20 inducible or constitutive. The promoters are operably linked to the nucleic acid by 
removing the promoter from the source DNA and inserting the isolated promoter 
sequence into the vector. Both the native promoter sequence and many heterologous 
promoter m ay be used to direct amplification and/or expression of nucleic acid encoding 
the immunoglobulin or target molecule. The torn "operably linked" refers to a 

25 juxtaposition wherein the components described are in a relationship permitting them to 
function m their intended manner, A control sequence "operably linked 11 to a coding 
sequence is ligated in such a way that expression of the coding sequence is achieved under 
conditions compatible with the control sequences. 

30 Promoters suitable for use with prokaryotic hosts4nclude, for example, the (J-lactamasc 
and .lactose promoter systems, alkaline phosphatase, the tryptophan, (trp) promoter system 
and hybrid promoters such as the tac promoter. Their nucleotide sequences have been 
published, thereby enabling the skilled worker operably to ligate them a desired nucleic 
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acid, using linkers or adaptors to- supply any required restriction sites- Promoters for use 
in bacterial systems will also generally contain a Shine-Delgarno sequence operably 
linked to the nucleic acid. 

5 Preferred expression vectors ere bacterial expression vectors which comprise a promoter 
of a bacteriophage such as phage* or T7 which is capable of functioning hi the bacteria. 
In one of the most widely used expression systems, the nucleic acid encoding the fusion 
protein may be transcribed from the vector by T7 RNA polymerase (Studier et al, 
Methods in Enzymol. 1S5; 60-89, 1990). In the & coli BL21(DE3) host strain, used in 

10 conjunction with pET vectors, the T7 SNA polymerase is produced from the Jt-lysogen 
DE3 in the host bacterium, and its expression is under the control of the IPTG inducible 
lac UV5 promoter. This system has been employed successfully for over-production of 
many proteins. Alternatively the polymerase gene may be introduced on a lambda phage 
by infection with an int- phage such as the CE6 phage which is commercially available 

15 (Novagen, Madison, USA), other vectors include vectors confining the lambda PL 
promoter such as PLEX Qnvtoogen, NL) , vectors containing the trc promoters such as 
pTTcHisXpressTm (Inviirogeu) or pTrc99 (Pharmacia Biotech. SE) . or vectors containing 
the tac promoter such as pKK223-3 (Pharmacia Biotech) or PMAL (new England 
Biolabs, MA, USA). 

20 ■ 

Suitable promoting sequences for use with yeast hosts may be regulated or constitutive 
and are preferably derived from a highly expressed yeast gene, especially a 
Saccharomyces cerevisiae gene. Thus, the promoter of the TRPl gene, the ADHI or 
ADHE gene, the acid phosphatase (PH05) gene, a promoter of the yeast mating 

25 pheroroone genes coding for the a-, or a-factot or a promoter derived from a gene 
encoding a glycolytic enzyme such as the promoter of the enolase, glyceraMehyde-3- 
phosphate dehydrogenase (GAP), 3-phospho glycerate kinase (PGK), hexokinase, 
pyruvate decarboxylase, phosphofructokbas*. glucoses-phosphate isomerase, 3- 
phosphoglycerate mutase, pyruvate kinase, triose phosphate isomerase, phosphoglucose 

30 isomerase or glucokmase genes, the S. cerevisiae GAL 4 Mene, the S. pambe mat 1 gene 
or a promoter from the TATA binding protein (TBF) gene can be used, furthermore, it is 
possible to use hybrid promoters comprising upstream activation sequences (OAS) of one 
yeast gene and downstream promoter elements including a functional TATA box of 
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another yeast gene, for example a hybrid promoter including the UAS(s) of the yeast 
PH05 gene and downstream promoter elements including a functional TATA box of the 
yeast GAP gene (PH05-GAP hybrid promoter), A suitable constitutive PH05 promoter is 
e,g. a shortened acid pho'sphatase PH05 promoter devoid of the upstream regulatory 
5 elements (UAS) sucfe as *ta promoter element starting at nucleotide -1 73 and 

ending at nucleotide -9 of the PH05 gene. 

Gene transcription from vectors in mammalian hosts may be controlled by promoters 
derived from the genomes of viruses such as polyoma virus, adenovirus, fowlpox virus, 
10 bovine papilloma virus, avian, sarcoma virus, cytomegalovirus (CMV), a retrovirus and 
Simian Virus 40 (SV4Q), from heterologous mammalian promoters such as the actin 
promoter or a very strong promoter, e.g. a ribosomal protein promoter, and from 
promoters normally associated with, immuno globulin sequences. 

Transcription of a nucleic acid by higher enkaryotes may be increased by inserting an 
enhancer sequence into the vector. Enhancers are relatively orientation and position 
independent Many enhancer sequences arc known from mammalian genes (e.g. elasxase 
and globin). However, typically one will employ an enhancer from a eukaryotic cell virus. 
Examples include the SV40 enhancer on the late side of the replication origin (bp 100- 
270) and the CMV early promoter enhancer- The enhancer may be spliced into the vector 
at a position $' or 3' to the desired nucleic acid 3 but is preferably located at a site 5' from 
the promoter. 

Advantageously, a eukaryotic expression vector may comprise a locus control region 
25 (LCR), LCRs are capable of directing high-level integration site independent expression 
of transgenes integrated into host cell chromatin, which is of importance especially where 
the gene is to be expressed in the context of a pennaiiently-transfected eukaryotic cell line 
in which chromosomal integration of the vector has occurred- 

30 Eukaryotic expression vectors will also contain sequences necessary for the termination of 
transcription and for stabilising the tnENA. Such sequences are commonly available fiom 
die 5* and 3' untranslated regions of eukaryotic or viral DNAs or cDNAa. These regions 
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contain nucleotide segments transcribed as polyadeirylated fragments in the untranslated 
portion of the mRNA encoding the immunoglobulin or the target 

Particularly useful for practising the present invention are expression vectors that provide 
.5 for the transient expression of nucleic acids in mammalian cells. Transient expression 
usually involves the use of an expression vector that is able to replicate efficiently in a 
host cell, such that the host cell accumulates many copies of the expression vector, and, in 
turn, synthesiser high levels of the desired gene product. 

Construction of vectors according to the invention may employ conventional ligation 
techniques. Isolated plasmids or DNA fiagments are cleaved, tailored, and religaied in the 
form desired to generate the plasnrids required. If desired, analysis .to confirm correct 
sequences in the constructed plasmids is performed in a known fashion. Suitable methods 
for constructing expression vectors, preparing in vitro transcripts, introducing DNA into 
host cells, and performing analyses for assessing gene product expression and function are 
known to those skilled in the art. Gene presence, amplification and/or expression may be 
measured in a sample directly, for example, by conventional Southern blotting, Northern 
blotting to quantitate the transcription of mRNA, dot blotting (DNA or KNA analysis), or 
in situ hybridisation, using an appropriately labelled probe which may be based on a 
sequence provided herein. Those skilled in the an will readily envisage how these 
methods may be modified, if desired, 

Xmrnunoglobulins and/or targets may be directly introduced to the cell by microinjection, 
or delivery using vesicles such as liposomes which are capable of fusing with the cell 
membrane. Viral fusogenic peptides axe advantageously used to promote membrane 
fusion and delivery to the cytoplasm of the cell, 

e) Generation of a Sig nal 

30 In the method of the present invention, a signal is advantageously generated by the 
interaction of two molecules, brought together by the binding of the immunoglobulin to 
the target, The signal generated will thus be dependent on the nature of the molecules 
used in the method' of the invention. 
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In a first embodiment, the signal-genraarito molecules may be fluorophores. Particularly 
preferred are fluorescent molecules which participate in energy transfer (FRET). 

5 FRET is detectable ^vhen two fluorescent labels which fluoresce at different frequencies 
are sufficiently close to each other that energy is able to be transferred from one label to 
the other, FRET is widely known in the art (for a review, see Matyus, 1992, J, 
Fhotocheta. Photohiol. B: BioL. 12: 323-337, which is herein incorporated by reference)- 
FRET is a radxstionlsss process in which energy is transferred from an excited donor 
10 molecule to an acceptor molecule; the efficiency of this transfer is dependent upon she 
distance between the donor an acceptor molecules, as described below. Since the rate of 
energy transfer is inversely proportional to the sixth power of the distance between the 
y donor and acceptor, the energy transfer efficiency is extremely sensitive to distance 

3 changes. Energy transfer is said to occur with detectable efficiency in the 1-10 nm 

W 15 distance range, but is typically 4-6 nm &r favourable pairs of donor and acceptor- 

M RadiatioBleas energy transfer is based on the biophysical properties of fluoropriores, 

u These principles are reviewed elsewhere (Lakowicz, 1983, Principles of Fluorescence 

O Spectroscopy. Plenum Press, New York; Jovin ami Jovin, 1989, Cefl Structure and 

^ 20 Function bv Mierogpectrofluorometrv. eds. E, Koben and J.G. Hirschberg,. Academic 

2 Press, both of which are incorporated herein by reference). Briefly, a fluorophore absorbs 

O light energy at a characteristic wavelength. This wavelength is also known as the 

" y excitation wavelength- The energy absorbed by a fluorochrome is subsequently released 

through various pathways, one being emission of photons to produce fluorescence. The 
25 wavelength of light being emitted is known as the emission wavelength and is an inherent 
characteristic of a particular fluoxophore, Kadiationless energy transfer is the quantum- 
mechanical process by which the energy of the excited stale of one fluorophore is 
transferred without actual photon emission to a second fluorophore. That energy may 
then be subsequently released at the emission wavelength of the second fluorophore. The 
30 first fluorophore is generally termed the donor <D) and has an excited state of higher 
energy than that of the second fluorophore, termed the acceptor (A). The essential 
features of the process are that the emission spectrum of the donor overlap with the 
excitation spectrum of the acceptor, and that the donor and acceptor be sufficiently close. 
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The distance over which radiaiionless energy transfer is effective depends on many factors 
including the fluorescence quantum efficiency of the donor, the extinction coefficient of 
the acceptor, the degree of overlap of their respective spectra, the refractive index of the 
medium, and the relative orientation of the transition moments of the two fluorophores. 
5 . In addition to having an optimum emission range overlapping the excitation wavelength 
of the other fluorophcre, the distance between D and A must be sufficiently small to allow 
the radiationless transfer of energy between the fluorophores. 

In a FRET assay,, the fluorescent molecules axe chosen such that the excitation spectrum 
of one of the molecules (the acceptor molecule) overlaps with the emission spectrum of 
the excited fluorescent molecule (the donor molecule), The donor molecule is excited by 
light of appropriate intensity within the donor's excitation spectrum. The donor then emits 
some of the absorbed energy as fluorescent light and dissipates some of the energy by 
FRET to the acceptor fluorescent molecule. The fluorescent energy it produces is 
quenched by the acceptor fluorescent molecule. FRET can be manifested as a reduction 
in the intensity of the fluorescent signal from the donor, reduction in the lifetime of its 
excited state, and re-emission of fluorescent light at the longer wavelengths (lower 
energies) characteristic of the acceptor. When the donor and acceptor molecules become 
spatially separated, FRET is dinamished or eliminated. 

Suitable fluorophores are known in the art, and include chemical fluorophores and 
fluorescent polypeptides, such as GFP and mutants thereof which fluoresce with different 
wavelengths or intensities (see WO 97/2SZ61), Chemical fluorophores may be attached 
to immunoglobulin or target molecules by incorporating binding sites therefor into the 
imm unoglobulin or target molecule during the synthesis thereof. 

Preferably, however, the fluorophore is a fluorescent protein, which is advantageously 
GFP or a mutant thereof. GFP and its mutants may be syathesised together with the 
immunoglobulin or target molecule by expression therewith as a fusion polypeptide, 
30 according to methods well known in the art. For example, a transcription unit may be 
constructed as an in-ftanac fusion of the desired GFP and the immunoglobulin or target, 
and inserted into a vector as described above, using conventional PCR cloning and 
ligation techniques. 
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In a second embodiment, the immunoglobulin and target polypeptides are associated with 
molecules which give rise to a biological signal. Preferred are polypeptide molecules, 
which advantageously interact to foim a transcription factor* or another regulatory 
5 molecule, which modulates gene expression within the celL 



Exemplary Transcription factor molecules have been described in the .literature, for 
example by Fields & Song, (1989) Nature 340:245-246, which is incorporated herein by 
reference. In a preferred embodiment, the immunoglobulin molecule is expressed as 
1 0 fbsion protein with the activation domain of the HSV1 VP 1 6 molecule. This transcription 
factor domain is capable of itpieguladng gene transcription from a promoter to which it is 
bound through a DNA binding activity- The latter is provided by the DNA-binding 
domain of the E. coli LexA polypeptide, which is expressed as a fusion protein with the 
target polypeptide. 

15 

The biological signal may be any detectable signal, such as the induction of the expression 
of a detectable gene product. Examples of detectable gene products include 
bioluminescent polypeptides, such as luciferase and GFP, polypeptides detectable by 
specific assays, such, as P-galactosidase and CAT, and polypeptides which modulate the 

20 growth characteristics of the host cell., such as enzymes required foT -metabolism such as 
HIS3, or antibiotic resistance genes such as G418- In a preferred aspect of the invention, 
the signal is detectable at the cell surface. For example, the signal may be a luminescent 
or fluorescent signal^ which is detectable from outside the cell and allows cell sorting by 
FACS or other optical sorting techniques. Alternatively, the signal may comprise the 

25 expression of a cell surface marker, such as a CD molecule, for example CD4 or CDS, 
Which may itself be labelled, for example with a fluorescent group* or may be detectable 
using a labelled antibody. 



In this embodiment, the invention permits the screening of entire antibody libraries, such 
30 as phage libraries, without prior application of phage display to isolate the antibodies 
which bind to the desired antigen. Use of optical sotting, such as FACS, enables an entire 
library to be panned and selects for antibodies which are capable of functioning 
intracellular^ and bind the desired targe*. 
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In summary, therefore, 1he invention is related to a method for determining the ability of 
an entity to bind to a target in an intracellular environment, comprising the steps of 
providing a first molecule and a second molecule, wherein stable interaction of the first 
5 "^^d-second.moleculesJeads-to^uthc-genfiration.of a. signal;, providing an, entity wliich is 
associated with the first molecule; providing a target which is associated with the second 
molecule, such that association of the entity and the target leads to stable interaction of the 
first and second molecules and generation of the signal; and assessing the intracellular 
interaction between the entity and the target by monitoring the signal, In preferred 
10 embodiments, the entity is an immunoglobulin, preferably an antibody, and the target is 
an antigen. 

The invention is further described, for the purposes of illustration oniy a in the following 
examples. 

15 

Examples 
Example 1 

Taction of intracellular antibody binding 

20 

A powerful system used for detecting protein-protein interactions is the eukaryotic two- 
hybrid assay (Fields, S. & Savg, O, <19S9) 340; 245-246). This assay is adapted for 
expression of scFv fragments and corresponding antigens in yeast, and detection of 
binding by the scFv to the antigens iniracellularly. 

25 

In general, yeast strains are grown in rich medium (1% yeast extract, 2% Bacto-Peptone, 
2% glucose, and 0.1% mg/ml adenine buffered at pH5.B) or in synthetic minimal YC 
(0.12% yeast nitrogen base without amino acids and ammonium sulphate, 0.5% 
ammonium sulphate, 0.1% succinic acid, 0.6% NaOH* 2% glucose and, as required, 2% 
30 agar) medium containing 0.075% amino acid supplements (lacking Trp, Leu, Ura, Lys, 
and His; 0.1% each of adenine sulphate, a*ghune s cysteine, threonine; 0.05% each of 
aspartic acid, isoleucine, methionine, phenylalanine, proline, serine* and tyrosine) 
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buffered at pH5.S. When necessary 0.01% each of tryptophan, uracil, lysine, leucine and 
0.005% histidiae ate supplemented to tbe media. 

The S. cerevisiae reporter strain L40 (Stratagene) is employed. Tbe genotype of The L40 
5 . -yeast- -strain-- is MAT*--his3A200-^rpl-90l.-leu2n3 J .112 ade2 LYS::GexAop)4-HIS 
URA3::(IexAop)S"LacZ GAL4 (Holjenberg, et aL, Molecular and Cellidar Biology 15: 
3813-3822). Yeast cells are grown at 30°C or 20*C, as appropriate, for 72-144h. 

Plasmids are transformed into L40 yeast strain using the lithium acetate n-ansformanon 
10 protocol (Gietz, et at. (1992) Nucleic Acids Res 20: 1425). Positive clones are selected 
using auxotrophic markers for both, plasmids and for lysine and histidine. prototrophy. 
Histidine-positive colonies and controls are rysed in liquid nitrogen and assayed for (5- 
galBotosidase activity on niters as described (Breeden, L. & Nasmyth, K. (1985) Cold 
Spring Harh Syrrip Quant Biol 50: 643-50). 

15 

LejcA fusion baits are prepared in the pksmid pETM116 (5.5 kb) (mvilrogen) (Bartel, et 
at, (1993) in Cellular interaction in development: a practical approach (eds. Hartley, 
D.A.) 153-179, IKL. Press, Oxford) contains the LexA domain, the Txpl gene and the 2\ua 
origin of replication. Tbe AMCV p41 gene is amplified by RT-PCR from Artichoke 
20 Mottle Crinkle Virus cDNA (AMCV is kindly provided by Eugenic Benvenuto, ENEA, 
Dipanimento Innovaskme, Divisione Biotecnologie e Agricoltura, Roma) using the 
primers: 

5' - GCCCGAATTCATGGCAATGGTAaAGAGaAATAAT- 3' (sense); SEQ. ID. No. 1 
25 5* - TTACAGGATCCCTAAATTAAAGAGACATCCTTGT- 3' (antisense); SEQ. ID. NO. 2. 

The PCR product is digested with EcoRl-BamHI. and inserted into EcoRI-BamHI sites of 
pBTMH6- 

30 ScFv-VP16 fusion clones are constructed in the plasmid pVP16* (7-5 kt 0 (mvitrogen). 
This vector is a modification of P VP16 that carries the LEU2 gene, a 2nm replication 
origin, Ihe j3 -lactamase gene, two SV40 large antigen nuclear localisation sequences 
(NLS) fbsed to the VP16 acidic activation domain, wtk a upstream polylinker for cloning 
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genes of interest to generate in-frame protein fusions to VP 16, expressed from an ADH1 
promoter (Vojtek, et al f (1 993) Cell 74: 205-14). The scFvFB gene (Tavladoraki, P„ et 
ed. (1993) Nature 366: 469-472) is amplified by PCR from pGEMscFv(F8) (provided by 
Eugenic Benvenuto, ENEA, Diparrimento Itmovazione, Divisione Biotecnologie e 
5 Agiicqltura, Roma), a scFv made from a mouse monoclonal antibody raised against 
AMCV plant virus coat protein. The Mab is converted to scFv format and cloned into the 
pGEM expression prior to amplification using the primers: 

5' -AAT GGACT ATGGCCCAGCCGGC CAATGCAGGTGCAG CT GCAGGAG- 3' (sense); SEQ. 
10 ID. NO. 3; 



5" -TCACCTGATAGCGGCCGCATTCAGATCCTCTTCTGAGAT- 3' (antisense); SEQ. ID, No. 
4; 

15 digested with Sfll-NotI, and inserted into Sfil-NotI sites ofpVPl6*. 

If there is association of the two fusion proteins in yeast strain L40, transcription of two 
integrated reporter genes would occur. One is 2ZZ53 gene, which provides a nutritional 
selection for the two hybrid association and the other is the lacZ gene allowing a blue- 
20 white selection when the cells are grown on Xgal substrate, In this system, two nuclear 
localisation signals are located on the scFv-VP16 fusion vector, while the bait has none. 
Therefore, the interaction between the antigen (bait) and the scFv fragments (scFv-VP16 
fusion) must occur in the cytoplasm, before the complex is translocated to the nucleus and 
activates transcription. 

25 

Co-expression of the G&14-AMCV bait (AMCVp4l/BTM116) and the scFvF8-VP16 
fusion protein in yeast L40 cells leads to an efficient growth of the cells in the absence of 
histidine due to HIS3 activation and shows a high level of fi-galactosidase activity (Fig. 1 . 
tow 4). The co-trartsfection of the bait alone, the bait with the VP16 vector or with an 
30 unrelated antigen lamin-LexA fusion clone (Figure 1, rows 1, 2 and 3 respectively) does 
not result in activation of the lacZ gene. These results demonstrate that the scFvF8 is able 
to specifically interact with its corresponding antigen p41 under the intracellular 
conditions of this assay. 
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Example 2 

Identificati on of Intracel lnlar RinH,»rg 

The use of yeast cells to detect intracelhilar antigen-scFv interaction further assessed with 
scFv derived either from monoclone] antibodies or from phage display antibody libraries, 
some of which have been shown to have intracellular activity -when assayed In vivo. The 
binding of scFvs specific for HIV-1 integrase, the tyrosine kinase Syk and P 21-ras is 
tested. 



The and-HJV integrase scFv uNfc3 is derived from, a monoclonal antibody, and is 
expressed in human cells, leading to a specific neutralisation of fflV-I integrase activity 
(Levy-Mintz, P., etal. (1995) J. Virol 70: 8S21-8832), We have tested this seFv fused to 
VPI6 in the yeast system (Figure 2A). SeFvIN33 (kindly provided by R~ Pomerantz, 
15 Jefferson Medical College, Dept. of Medicine, Philadelphia, USA) is amplified by PCR. 
from pNLVP16 (Sadowski a aL, (1992) Gene 118:137-141), using the primers: 

5* - AAAAA^GRft^GTGGCCCAGCCGCSCCATGCSGTATeGACATCCAGATGACA - 3" 
(sense); SEQ. ID. No. 5; 



5* - GGCGGAGCTCGAGGCGGCCGCTGflGGkGACGGTGAGGCT- 3" (antisense); SEQ. ID. No. 
6; 

digested Sfil-NotI, and inserted into Sfil-NotI sites of VP16*. 

HIV-1 integrase bait is constructed as follows: the HTV-1 IN33 gene is amplified by PCR 
frompRP10l2 °" by using the primers: 

5* - GCTAGCCCGGGGATCCCAATGTTTCTAGATGGAATCGAT- 3' (sense); SEQ. ID. No.7; 

5' - AGCCCCGGGATCCTGCAGCTAAICCTCATCCTGTCTACT - 3' (anlisense); SEQ. ID. 
NO, g; 
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digested with BamHI-Pstl, and inserted into BsmHl-Pstl sites of pBTMl 1 6. 

Whm the HTV-1 IN/BTMJ16 bait is expressed with the scFv-VP16 fusion 
(scFvIN33/VFl6) in L40 yeast, a high level of p-galactosidase activity is observed (Fig, 
5- -3A, row 4), whereas co-expression -of the scFv-VP16 filsion with a lamin bait (row 3) or 
expression of the bait with alone or with the VP16 vector (rows 1 and 2 respectively) does 
not result in any activation These results establish the specificity and efficacy of the HIV 
Ag-scFv interaction in yeast cells. 

10 The anti-IBV scFv IN33 is derived from a monoclojaal antibody. In order to determine if 
phage scFv selected in vitro can function in lie antibody-antigen two-hybrid assay. ScFv 
isolated from a phage display library with Syk protein (a non-receptor tyrosine kinase 
involved in signal transduction in B cells) are therefore tested for their ability to function 
in an intracellular environment Three different scFv fragments, which specifically react 

15 with Syk in ELISA, ximnunoprecipitation, immunofluorescence and Western blots are 
fused to VP16 activation domain (scFvV6C11/VP16, scFv04Gll/VP16 and 
scFvG6G2/VP16) and tested in the yeast system (Fig. 2B)_ The plasmids pseFvV6Cll- 
VP16* pscFvG6G2-VPl$ and pscFvG4Gl 1 -VP1 6 are constructed by subcloning Ncol- 
NotI fragments from pscFvexpVdCll^ pscPvexpG6G2 and pscFvexpG4Gll (kindly 

20 provided by Fiona Dariavach, Institat de Genetique Moleculaire de Montpeliier; an scFv 
isolated by phage display using Syk protein as antigen and subcloned into an expression 
vector) respectively into Ncol-Notl cut pCANTAB6 (McCaflferty et aL, (1994) Applied 
Biochem, & BioteehnoL 47:160-171) and subcloning again Sfil-NotI fragments from 
pCANTAB6scFvV6Cl 1, pCANTAB6scFvG6G2 and pCANTAB6scFvG4Gl 1 

25 respectively into Sfil-Notl cut VP16*. 



In order to construct the Syk target (pLexA-Syk),. the Syk gene is amplified by PGR fixim 
Syk cDNA (Fludc, et aL> (1995) Biochem Biophys Res Commun 213: 273-81) by using 
the primers: 

30 

S 1 - QCCCGMTTcatgGCGggj^gtgctgtggac^gcgcc -3' (sense); SEQ. ID. No. 9; 
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5' - TTACAGGATCCTTAGTTAACCACGTCGTAGTAGTAATTGCG -3 1 (antisense); SEQ, ID. 
No. 10; 

digested with Ecoltt-BainHL and inserted into EcoRI-BamHI sites of pBTM116. 

5 r 

Only om of the scPv constructs, scFvG4Gl l s sho^tis a positive interaction with the LexA- 
Syk bait (Syk/BTMlltf) as judged by the activation of p-galactosidase (Fig 2B, row 8) 
while the other two failed to interact (Figure 3B, row 6 and 7). The specificity of 
scFvG4Gll intentcrion with the sykteTMlie bait is established with a Lamin 

10 (Stratagene) bait vector (Fig, 2B, row 5)- These data extend the notion that in vitro 
selection of scPv from phage display libraries is an inadequate criterion for their 
subsequent use aa interacting intracellular antibodies. This inference that $cFv selected 
pundy fci their ability to bind antigen in vitro (e.g. in Western blot assays) may noi 
necessarily function correctly as intracellular antibodies is endorsed by finding that none 

15 of two anti-BCR, two anii-ABL or eight snti-MLL scPv selected from phage display 
libraries could elicit HIS3 or p-galactosidase activity. 

All bait clones used in these assays are individually assessed for auto-activation of the 
HISS gene with and without the empty pVP16 vector (Fig. 3 A & 3B) and each is tested by 
20 co-transfection with another bait encoding a lamin antigen and growth is detected In his" 
medium. 

The conclusion that individual antibodies may not possess binding properties in vivo are 
re-enforced by findings obtained with a panel of scFv directed against the signal 

25 transduction protein p21 tas. There is a significant inhibition of signal transduction 
processes involving the activation of p21-ras when a anti-ras Yl 3-259 antibody is 
expressed in cells, either as a whole immunoglobulin (Biocca, S, et al^ (1994) 
Biotechnology (N Y) 12; 396-9) or as scFv (Biocca, S. 9 et aL 9 (1993) Biochem Biophys Res 
Commun 197: 422-7; Cochel, O v et ctl (199S) Cancer Res 58: 1170-6; Cardinale, et al, 

30 (1998) FE3S Letters 439, 197-202). The scFv fiagment Y13-259 is fused to the VF16 
activation domain (scFvYl 3 /VP16) and expressed in yeast cells, together with die K-ras 
protein fused to LexA (K-ras/BTMl 1 6) B as follows; 
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For the scFv, pscFvYl3-VP16* is constructed by subcloning Sfil-NotI fragments from 
pHENY13 (Hoogenboom et al* (1991) Nucl. Ac Res. 19:4133-7) into Sft-NoU cut 
P VP16* 

Eor the target, pLexA-KnRasjs,.constructed.by amplifjringthe K-Ras B.gene by PGR from 
pGem32-k-ras (a k-ras clone in pGEM kindly provided by Prof. Giancarlo Vecchio, 
Universita' degii Studi di Napoli FedericoID using the primers: 

5 r - C3ATCGSATCCGTATGACTCJ?^ATATAAACTTGTGC3T^GTTGGAGCTGGT - y (sense); 
SE& ID. No. 11; 

5 1 - GATCCTGCAgETAGATAattacacacMT G - 3' (antisense); SEQ, ID, No. 12; 
digested with BamHI-Pstl and cloned into Bamffl-Pstl sites of pBTMl 16. 

The scFv feils to show j3-galactosidase activity when the cells are grown at 30°C (Figure 
2C, row 4), This is probably because this scFv aggregates intracellular^ at higher 
temperatures (Cardinals, et aL 3 (1998) FEES Letters 439, 197-202), On the other hand, 
the same co-transfonned cells are able to grow in the absence of histidine and show an 
intense (5-gakctosidase activity if cultured at lower temperatures (20° C) (Figure 2C, row 
5)- This interaction is specific for the K-ras antigen (Figure 2C> row 3) and the K-ras bait 
does not activate the reporter genes on its own, at 20°C (Fig 2C, row 1 and 2) or 30°C. A 
number of other scFv fragments against the p21-ras protein, isolated from two different 
phage display libraries (Persic, L,, «r al. (1999) FEES Letters 443; 1 12^1 16) are sdso tested 
in this sysiera- The binding affinity of each of these scFv fragments for p21-ras is 
determined by surface plasmon resonance, and shown to be in the range of 5-800 nM. 
However, only two out of twelve distinct scFv show any effect on the K-ras antigen, even 
when cells are grown at 20°C. Thus, not all scFv fragments isolated from a phage display 
library are able to bind their antigen when intracethilarly expressed in the two hybrid 
system, not even those with high binding affinities for their antigen. 
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Example 3, 

Mammalian Intracellular Assay 

Experiments with the yeast Iransfection assays indicate tha£ antibody-antigen interaction 
5 can assemble the co-operative transcription complex necessary to transcribe the HIS3 or 
lacZ genes, providing the means to detcnnine if a particular antibody has the potential for 
use in vivo as an intracellular antibody- In practise;, in vfva use of antibody fragments is 
mainly in higher orgaoisms, such as in functional gerxoitucs or therapeutic uses for human 
diseases. Therefore the antibody-antigen two-hybrid assay system is evaluated in 
10 mammalian cells. 

For the mammaliaa assay, pM-Pgal is constructed by subcloning the 3.5kb p- 
galactosidase Sfil-PacI fragment of pN3neo2TK-l (Dear, T.N., et aL (1995) Development 
121: 2909-2915) into the pMl vector (SadowsM, et aL (1992) Gene US: 137-141) 

15 digested with Sinai. The ScFvR4 DNA fragment is amplified from pPM163R4 
(Maitineau, et aL (1998) J M<ol Biol 280: 117-127) by PCR using pfu DNA polymerase 
(Stratagene) and subcloned into pNLVP16 (EcoRI digested) or pNLVPld (Ndel digested) 
to create pKL-ScFvR4-VPl6 and pNLV?l6-ScFvR4 in which Uae scFv segment is 
respectively either N- or C-tsmnnal to the VP16 dement P M-scFvR4 and pKLVPl6^ 

20 Pgal are constructed by subcloning the ScFvR4 PCR product and Pgal Sfil-PacI fiagment 
into ±& pMl and pNLVP16 vectors respectively. The EcoRI-BamHI AMCVp4l DNA 
fragment fiom AMCVp41/BTM116 is subcloned imo pMl (EcoRI digested) to give pMl- 
AMCV. The ScFvFS DNA is amplified fiom pGEM-ScFvFS by PCR. and cloned into 
pNLVP16 (EcoRI digested) to create pNLScFvF8-VP16. All clones are sequenced to 

25 confirm in-frame fusion of the inserts with the Qal4 binding domain or the VP 16 in the 
vectors. 

The Chinese hamster ovary (CHO) cell line is grown in a roirdroal essential medium 
(GIBCO BRL) with 10% foetal calf serum, penicillin and streptomycin. Transfisction of 
30 CHO cells growing on 10mm diameter dishes at 50% confluence is performed using 
Lipofecnn® reagent according to manufacturer's instructions (GIBCO BRL). 5ug of each 
plasmid is used in each transfection together wim 5pg of pE5C-CAT reporter, pBSpt 
DNA is added where necessary to compensate for unequal DNA input in each 
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transfection. Cells are harvested 4g hours after transfection and chloramphenicol acetyl- 
transferase (CAT) assay is performed as described previously (Masson, et al (1998) MoL 
Cell Biol 18: 3502-3508). Each transfection is repeated twice and a Phosphorlmager 
(Molecular Dynamics) is used to quanritote the intensity ofthe signals in the CAT assay 

5 

Antigen fusions are made with the Gal4 DNA-bindmg domain within Has vector pMl and 
scFv fusions with pNLVP16 (Sadowski, er aL (1992) Gene US: 137-141) and co- 
transfcctiens are performed in Chinese Hamster Ovary (CHO) cells with a 
chloramphenicol acetyl transferase (CAT) reporter vector. A panel of scFv which bind to 
1 0 AMC V, HTV-1 integrase, K-ras and 0-gaiactosidase i s tested. By contrast with the results 
obtained in yeast, only the latter activate the CAT reporter when co-expressed with the 
appropriate bait (the latter could not be used in yeast as it encodes p-galactosidase and is 
also found to anto-activate the HISS gene promoter, Fig 4). 

1 5 When CHO cells are co-transfected with the CAT reporter together with the DNA-bindmg 
pM-Pgal bait and the pNLS-scFvR4-VP 1 6 expression clones (encoding a fusion between 
the anti-p-galaotosidase scFvK.4 (Martineau, ei al. (1998) JMol Biol 280: 117-127) and 
the VP16 transcriptional transactivaiion domain), about 60 fold increase in CAT activity 
is detected (Figure 5 A, lane 1) compared with the CAT reporter (lane 2), This indicates 

20 thai the interaction of scFv with target antigen (Le. p-galactosidase) in the CHO cells is 
sufficient to activate CAT transcription. The specificity of intracellular interaction of 
scFv with the p-galactosidase is determined by a number of controls. CHO cells are 
trans fected -with pM-Pgal together wife an non-relevant scFv-VP16 fusion construct 
(pNLscFvFS-VPl 6, Figure 4A, lane 5) s or pNLscFvR4-VPl6 together with a 

25 heterologous GAL4 binding domain-antigen fusion construct (pMl-AMCV, lane 6). 
Neither combination activates the CAT reporter indicating that the intracellular 
interaction between p-gal and scFvR.4 is a specific one. In addition, uie fusion ofthe 
scFvR4 with the GAL4 DNA-binding domain and of P-galactosidase with the VP 16 
activation domain retains the ability to activate the CAT reporter, albeit with about 50% 

30 lower level (Fig. 4A lane 7: duplicate experiments are analysed and the data presented as 
a histogram, Figure 4B, lane 7). The lower efficiency may due to structural constraints as 
a construct expressing an scFvR4 linked at the C-terminus of the VP 16 activation domain 
also showed reduced CAT activation. (Fig. 4A and 4B, lanes 10). Therefore a plausible 
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explanation is that the VP16 at the amino-tenninus in this fusion caused a stearic 
hindrance to the antigen, trading of the scFy. 

Despite the efficacy of antibody fragments in a range of functional tests, the inability of 
5 many of our scFv panel to interact with antigen intraeeUularly (in yeast or CHO cells) 
presumably reflects the relatively low affinity or structural stability of those scFv in cells. 
The anti-AMCV scFvFS is able to fold sufficiently well to bind antigen in plant cells 
(TavladanaJd, P v et a£ (1993) Nature 366: 469-472) and in the interaction shown here. 
The redox state of the scFvFS expressed as the VP16 fusion protein in yeast cells is 

10 therefore investigated. Protein is extracted from yeast traosfected with scFvFS-VP16 and 
fractionated on SDS-PAGE with or without redaction "by p-mercaptoethanol (Figure 5). 
No difference is seen in the mobility of the scFvF8 protein when reduced or unreduced, as 
compared to a clear difference in electrophoretic mobility between the oxidised and the 
reduced forms of a secretory scFv fragment made in baculovirus and which has disulphide 

15 bonds formed (Fig- 5). Thus it appears that scFvFS made in yeast does not have VH-VL 
intrachain S-S bonds and is intrinsically stable in the absence of disulphide bonds. The 
corollary is that the yeast antibody-antigen hybrid assay should be capable of selecting 
those antibody fragments that can tolerate the absence of the intrachaLu disulphide bond, 
aod retain antigen binding. 

20 

Example 4 

Selection of scFv in the veast antibody-antigen, system 

25 To verify the applicability of the method of the invention td selection of intracellular 
antibodies from a library of antibody molecules, a selection is earned out using the 
AMCVp41/BTM116 bait with scFvFS-VP16 fusion progressively diluted with UNA from 
a library encoding various non-relevant sdFv-VF16 fusion proteins (Figure 6) at ratios of 
1:1, 1:10 and l-'lOO scFvF8-VP16: scFv library . The DNA mixtures are co-Transformed 

30 into yeast cells, which are grown in the absence or in the presence of histidine (Figure 6, 
top plates: YC-WHULK and bottom plates YOWL, respectively) for selection. After 3 
days, colonies are picked and replated on a grid plate (with or without histidine as 
appropriate) and these colonies ate screened for {5-galactosidase activity. When the yeast 
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are grown in the absence of hisiidine, only those "with both AMCVp41/BTMl 16 and 
scFvF8-VP16 protein expression are able to grow and all the surviving colonics are 
capable of activation of tbe p-gal gene due to interaction of p41 and scFv (Fig. 6* 9 top 
tow). However* in the absence of selection (Le* HIS* growth) all yeast* can grow since 
5 under these conditions cells are selected only for the presence of scFv-VP16 fusion and 
bait plasraiids- Nonetheless, we are able to detect the scFvF8-VPl6-bait interaction from 
transactions at dilutions up to 100 times (Fig, 6* bottom row). Selection strategies at 
much higher dilutions are thus clearly feasible, 

10 E^mPleS 

Isolation of Anti-Tau Antibodies 

A scFv pihagesnid libtaiy is screened using bacterially expressed recombinant Tau protein 
(reviewed in Paglini et al, 2000, Neurochem Res 2000 Jan;2S(l):37-42). The phage 
15 library we used has been, described in Sheets al (1998, Proc. Natl. Acad, Sci USA, 95, 
6157-61 62% and is propagated using standard protocols. Hie complexity of the phage 
library we used is about 6.7 x 10*- Recombinant Tau protein is made by cloning a Tau 
sequence into pMAL vector (New England Biolabs, Beverly, Massachusetts, USA) and 
expression hx E coli cells as a MBP-Tau fosion protein- 

20 

Selection of the phage library is done using iramunotubes, using standard protocols. 
Eluted phage are added to an exponentially grooving culture of TGI bacteria and 
incubated for infection to take place. Infected TGI bacteria are plated at several dilutions 
on TYE plates (15g Bacto-Agar, 3g NaCl s iOg Tryptone, Sg Yeast Extract in 1 litre) 
25 containing 1 0Q\xgfml ampicillin and 1 % glucose, and gf own overnight 

The phage are subject to one round of selection* The complexity of the selected phage 
after is approximately 10 4 . Colonies are picked from the TYE plaies, and phagemids 
extracted using standard maxi-prep protocols (Maniatis, et al. (1991), Molecular Cloning: 
30 A Laboratory Manual Cold Spring Harbor, New York, Cold Spring Harbor Laboratory 
Press), 
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To determine if the scFv identified by the above procedure contains entities capable of 
binding to Tan protein in an intracellular environment, scFv-VPl6 fusion proteins are 
produced- These are constructed by subcloning SfitNotl fragments of the selected 
phagemids into SfiX-Nctl cut pVPl6* vector. A complexity of 10 s was achieved in this 
5 jngnner. 

In order to construct the Tau target (pLexA-Tau), the Tau gene is amplified by PGR fiom 
Tau cDNA, prepared losing standard protocols from brain mRNA. Amplified DNA is 
inserted into the expression vector pBTMl 16 as described in Visintin et aL, (1999, Proc 

ID Nad Acad Sci USA, 96, 11723-8). Of 100 clones which were analysed, five different 
clones showed positive interaction between the antibody and the target, as judged by 
growth on histidine minus plates and expression, of J5-galactocidase_ Three of these five 
clones are judged to be genuine binders on the basis of te-transfection of yeast cells with 
scFv and original bait to demonstrate specificity of in viva interaction. Furthermore, the 

IS three clones also demonstrate specific in viiro binding to tau protein cm Western blots. 

In these experiments, we show that it is possible to use a phage scFv library which is not 
previously known to contain anti-Tan antibody, and to isolate intracellular antibodies 
capable of binding to this protein from the library, 

20 

All publications mentioned in the above specification ate herein incorporated by 
reference. Various modifications and variations of the described methods and system of 
the invention will be apparent to those skilled in the art without departing from the scope 
and spirit of the invention. Although the invention has been described in connection with 
25 specific preferred embodiments, it should be understood that the invention as claimed 
should not be unduly limited to such specific embodiments. Indeed, various modifications 
of the described modes for carrying out the invention which are obvious to those skilled in 
molecular biology or related fields are intended to be within the scope of the following 
claims. 
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Claims 

1. A method for determining the ability of an uumunoglobiilin to bind to a target in 
an intracellular environment; comprising the steps of: 
5 . a) providing a.&stnKileciflejai^ stable interaction of 

the first and second molecules leads to the generation of a signal; 

ft) providing an intracellular immiiaofilobuiin which is associated vdih the first 
molecule; 

c) providing an intracellular target which is associated with the second molecule, 
10 such that association of the immunoglobulin and the target leads to stable interaction of 

the first and second molecules and generation of the signal; 

d) assessing the intracellular interaction between the Immunoglobulin and the 
target by monitoring the signal. 

IS 2. A method according to claim I, wherein, the first and/or second molecules are 

ffl polypeptides, 

IS 3. A method accoiding to claim 2 3 wherein the first and second molecules associate 

« to form an active reporter molecule. 



ira ; 



Sssfc 



20 

4. A method accoiding to claim 3, wherein the active reporter molecule is selected 
fiom the group consisting of a transcription factor* an enzyme and a bioluminescent 
molecule- 

25 5. A method according to claim 4 wherein the active reporter molecule is an enzyme 
and the method is performed in the presence of a substrate for the enzyme, 

6. A method according to any one of claims 3 to 5* wherein the first and second 
molecules are domains of the active reporter molecule. 



30 



7, A method according to claim 6* wherein the first molecule is the activation 
domain of VP16 and the second molecule is the DNA-binding domain ofLexA, 
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S. A method according to any preceding claim, wherein the signal is selected from 
the group consisting of a change in an optical property and the activation of a reporter 
gene. 

5 9. A method according to claim 8, wherein the signal allows the sorting of cells, 

10, A method according to any preceding claim wherein the immunoglobulin is 
selected from the group consisting of an intact iromxmoglobuiiii, a Fv, a scFv, a Fab and a 

10 

1L A method according to any preceding claim, wherein the immunoglobulin is 
provided by expressing an immunoglobiilm-encodixig nucleic acid within the celL 

12. A method according to claim 11, wherein the immunoglobulin-encoding nucleic 
15 acid is obtained from a library of immimoglobulin-encoditig nucleic acids, 

13, A method according to claim 12, wherein tie litaaxy is a phage Ubray encoding a 
repertoire of immunoglobulins* 

20 14. A method according to claim 12 p wherein the library is constructed from nucleic 
acids isolated from an organism which has been challenged with an antigen. 



15v A method according to claim 1, comprising the further step of: 

e) isolating those immunoglobulins which give rise to a signal* 

25 

1 6- A method according to claim 1 5, comprising the further step of 

f) subjecting the selected immunoglobulins to a functional intracellular assay. 

17* A method according to any preceding claim* wherein one or both of the 
30 immunoglobulin and the target* together with the first or second molecules, are 

provided" in the form of nucleic acid constructs which are transcribed to produce 
said immxmoglobulin and/or target together with said first or second molecules. 
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18. A method for preparing an immunoglobulin suitable for use in a procedure 
according to claim 1 ? comprising the steps of: 

(a) expressing a repertoire of immune globulin genes in a selection system and 
isolating those genes which encode immunoglobulins specific for a desired 
target; 

(b) bringing the isolated genes into operative association with nucleic acids 
encoding a first molecule, wherein stable interaction of the first molecule with 
a second molecule generates a signal, in order to produce a fusion polypeptide 
comprising the immunoglobulin and the first molecule. 
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COMBINKU DECLARATION for PATENT APPLICATION 
And POWER OP ATTORNEY 

English Ltmguage Declaration 



As a below named invemor. I hereby declare thau 

My residence, pest office address ano citizenship are as stated below next to my name. 

1 bcsHovc I am the original, first and solo inventor (if only one narac is listed below) or an original, first and joint 
inventor (If plural name? are listed below) of the subject matter which la Maimed and for which a patent is sought on 
che invention emitted: 

SELECTION OF INTRACELLULAR IMMUNOGLOBEXS 

the specification of which was filed on 10 September 2001 asTLS. Application No. 09/936,170. 

I hereby stare th&t I have reviewed and Understand the oonteous of the above-identified specification^ including the 
claims^ as amended by any amendment referred to above, 

I acknowledge the duty to disclose information which in material to the examination of this application in 
iiccordanm* with Tide 37, Code of Federal Regulations. §1 .56. 

I hereby claim foreign priority benefit under Title 35. United States Codd §1 19 (a)-(d) of any fhreiga appUcation(g) 
for patent, or inventor's certificate, or 365(3) of any PCT International application which designated nr (east one 
country other than the United States of America, hsxtd below and We also identified below any foreign application 
for patent or inventor's certificate;, or of any PCT iniemaiEonal application having & filing dare before that of the 
application on which priority is claimed; 

Priority Foreign Applications) Priority Claimed 

9905510.5 tJnircd ]pqa^fort7 . lo M arch 1 Q£Q PAJ f / 

(Number) (Country) (rsay/Moncn/Yftar Fifed) Yes No 



1 hereby claim the benefit under Tiu© 35, United SLaies code. $ 1 3 of any United Stares provisional applicationCs) 
listed b*Iow, 



(Applicaiion Serial No,) (piling Date) 

I hereby claim the benafit under Tide 35 > United States Code, fit 120 of any United States applicarion(s) or PCT 
. intemadonaj applications) designating oin United States of America that is/are listed belo^ and. insofar as the 
subject matter of each of the claims of this Application is not disclosed in rhatfthoee prior applications (s) in the 
manner provided by Ate first paragraph of Title 35, United Suuas Code, § 312, 1 acknowledge the duty co disclose 
material information as defined in Tiife 37, Codo of 1 Federal Regulations. § 1 .56 u/hich occurred between zht filing 
date of the prior appff cation(s) and the national or PCT interortfonul filing date of this application. 

PCT/OB0Q/0QS76 .10 March 2000 . 

(Application Serial No,) (Filing Dale) (Status) 
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Combined Declaration for Patent Application and Power of Attorney 
Application No. 09/936, 170 filed ID Sepcember 2001 
Page 2 of 5 

*. 

The undersigned hereby ap p0 mt£<s) the following U,S< attorneys and/or agents to prosecute this applicaiioa and any 
division, continuation, contiawtkm-irj-part, reexamine I on or reissue applications thereof, and co transact all 
busfness in chfc Raient and Trademark Office counseled therewith; WlXfcn, Henry N., Reg. No. 32.073; S cbw^nz^ 
Jason J., Reg. N<^ 43,9 10; Alter. Scott M., Reg. Nq . 32,87 9; Baker, Holtte L. r Reg- No. 3 1,321 ; Barakau Barbara 
A, Reg. No, gSJSkBanece. Steven D M Reg. Noj«L2Q3: Beviiacqua* Michael J_, Rog. NoTfl^glj ByrnB. Sally. 
Reg- Nq.^OjS^j Cavenaugh, David L„ Reg. No, Cerveny, David J„ Reg. No, 44.600: C Muu Nancy, Reg. 

No. 43.54 5: Diener, Micfaaol A., Reg. No. 3JAZ2±pteinsu&< Peter M. s Reg. No. 33,005; Discher, Gregory S., Reg. 
No. Dormer, Iran H„ Reg, No, 35* 120 ; OoMonbeTg, Richard A., Reg. No. 33,395 ; Grieff, Edward Reg. 

No. 38,S98 : Haa^ Joseph F„ Reg. No. 42^12: HaUer, Wendy A_ R* s . No . 35.177 : Kennard, Wayne M v Reg, No. 
30^1; Keown, Wayne A. 7 Reg- No. 33,223; Kerner, Ann-Louise, Reg, No. Kahng, Anthony, Reg. No> 

Klundcif, Janice M., Reg- No. 41,121.; LarnperU James B., Reg. No. Lari. Ayla A., Reg. No^43,739; 

Uppert Nels. Reg. No, 25,6 Bg: Maebius* fclaria L_, Reg. No, 42±&£Z; Massa, Dominic, Re s . No. 44.9Q5jJ McIsaas. 
Rohwt. Reg. No.^fi^X^Mendcz^ TifSawy, Reg, NoJP50J6^NieholBon, Cynthia K., Reg. NfuJa&Safc Park, 



Keum J., Reg. No.J^QSSU Pertmer, Tamers. M. T Rog. Na,3iS£4rReyes, Jas *n ^ Rc- No. £1.513; R ice, Greichen 
A., Reg. No, Sco22afav^ MaryRose, Reg. No, Ift^fifti-Souto, Vieior F M Reg. No. Steinberg, Donald 

R„ Reg- No, 37>24i j Superk 0> Colleen, Reg, No. aS^SOf^-WQim, C. Hall, Rag. No. 32.838; Tbenor, Leonid, Reg. 
No. 39,397; TVomcy, Michucl J,< Reg. No.3B^»; Vallahh, Rajash, Reg NcJ&I&U" Walpert, Gary Reg. No. 
26.fi5STWiUoij 1 M. Lisa, Reg. No^J^MS; and Yeh, Luke, Reg, No. 43.296. 

I hereby declare that all statements made herein of my own knowledge are true and Thai all statements made On 
information and belief arc believed co be Uue; and further rhar tHa*© b-uttemenls were made with the knowledge thai 
willful false scazernenis and the like so made are punishable by fine Of imprisonment, or both, under Section looi of 
Title I S of the Uuiosd Scates Code and chaisucn willful fttlse statements may jeopardize ihe validity of the 
application or any patent issued thereon. 

Full tiacne at inventor: Tag- Wai-Choi En c_ 




Inventor's signature 



7^ 



pate 



3e Medallion Hai ghta. 45 Condn jt Road. Mid-levels. H on? fton ^ ^ £ X 



Residence Address/Post Office Address 



nfcfltBrtr^io 

Citizenship 



VASHINQTON 1S74H, ivl 
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^*Q& Full nianc of inventor: 



Tfitreimd Rabbits 




Inventor's signature 



3g Lvndpv/oda R.o a <j Cambridge 2q * Nf Unittal K ing dom G 



Great j ftritai fl 
Citi2ttnship 



WAS Hf NfiTOIsf 1 37461 v ) 
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Combined Declarauoa for Pacini Apptfculkm and Pawer of Attorney 
Application No. 09/936,170 filed 10 September 200* 
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^(CO nuino ° r inventor: Ahtotti o Catt aneo 



s. — a 



Inventor's signature £j ;i i c 



via Mitfft AnnTninff 12a OQ161 Roma, Tralv I A 



Residence Address/Post Office Address 



.ftgte- ■■■■■ 
Citizenship 



WASHINGTON 35746! *i 
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Full name erf inventor: Michela Visj[ntln 



Inv inter* s signature 



.Via San Ma^co n.3. 3*1^ Trieste. Italy l£TX 




Residence Address/Post OfficeA33ress 



United States Patent & Trademark Office 

Office of Initial Patent Examination ~ Scanning Division 
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